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Abstract: The human amygdala consciously and nonconsciously processes facial
expressions and directs spatial attention to them. Research has shown that amygdala activity habituates after repeated exposure to emotionally salient stimuli
during passive viewing tasks. However, it is unclear to what extent the amygdala
habituates during biologically relevant amygdala-mediated behaviors, such as the
orienting of attention to environmentally salient social signals. The present study
investigated amygdala habituation during a dot-probe task measuring attentional
bias to backward masked fearful faces. The results suggest that across the duration
of the 50 min (1,098 trial) task both attentional bias behavior and amygdala activity were sustained—rather than habituated. Thus, these initial findings indicate that
when biologically relevant behavior is sustained, so too is amygdala activation.
Subjects: Neuroscience; Psychological Science; Attention; Emotion; Cognition & Emotion;
Cognitive Neuroscience; Social Neuroscience
Keywords: amygdala; habituation; backward masking; attention bias; fear
The amygdala is located bilaterally within the anterior temporal lobe and is critically involved in various
aspects of emotional and social processing (Adolphs, 2010). From early research, it has been shown
that stimulation of the amygdala leads to unprovoked fear and/or aggression (Shealy & Peele, 1957).
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The amygdala is important brain region involved
in the detection of environmental salience (e.g.
facial expressions) and our response to salient
stimuli. Previous work indicates that the amygdala
activates in response to threat, but habituates
quickly when threat-related behaviors are not
elicited. The results from this study suggest that
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stimuli that signal potential danger, such as fearful
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during this time. Thus, when biologically relevant
behavior is sustained, so too is the amygdala
activation that underlies this behavior.
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Damage to the human amygdala impairs the recognition of fearful facial expressions (Adolphs, Tranel,
Damasio, & Damasio, 1994; Adolphs et al., 1999), learning new fear associations (LaBar, LeDoux,
Spencer, & Phelps, 1995), the experience of fear (Feinstein, Adolphs, Damasio, & Tranel, 2011), and the
preferential processing of threatening environmental stimuli (Anderson & Phelps, 2001; Bach,
Hurlemann, & Dolan, 2014; Vuilleumier, Richardson, Armony, Driver, & Dolan, 2004). Functional neuroimaging research indicates that the amygdala is reactive to fearful faces when processed at a conscious level (Breiter et al., 1996; Morris et al., 1996), and also when conscious awareness has been
restricted by backward masking (Liddell et al., 2005; Morris, Öhman, & Dolan, 1998; Whalen et al., 1998;
Williams et al., 2005), binocular rivalry (Williams, Morris, McGlone, Abbott, & Mattingley, 2004), and
continuous flash suppression (Jiang & He, 2006) as well as in cases of cortical blindness (Morris,
DeGelder, Weiskrantz, & Dolan, 2001; Morris, Ohman, & Dolan, 1999). One behavior that nonconscious
amygdala activity has been linked to is the direction of spatial attention toward signals of environmental threat (Carlson, Reinke, & Habib, 2009). In particular, the amygdala appears to code for both the
salience and spatial location of a stimulus (Peck, Lau, & Salzman, 2013). Through projections to visual
cortex (Adolphs, 2004; Vuilleumier et al., 2004) and the prefrontal cortex (Amaral & Price, 1984; Carlson,
Cha, Harmon-Jones, Mujica-Parodi, & Hajcak, 2014; Carlson, Cha, & Mujica-Parodi, 2013) the amygdala
mediates the preferential processing of environmental threat.
Habituation is an adaptive decrease in responsivity to conserve computational resources after
repeated stimulus exposure(s) (Plichta et al., 2014). Although the amygdala responds to both consciously and nonconsciously viewed fearful faces, this response has been found to rapidly habituate
during passive viewing conditions (Breiter et al., 1996; Whalen et al., 1998). On the other hand, during emotional decision-making (Tabert et al., 2001) as well as periods of uncertainty (Herry et al.,
2007), amygdala remains activated. Thus, the amygdala rapidly and nonconsciously responds to
environmental signals of threat and if the salience of these signals decreases, the amygdala response habituates.
As previously mentioned, a critical component of the amygdala response to threat is facilitated
attentional processing at the location of potential threat (Carlson et al., 2009, 2013; Monk et al.,
2008). However, the length of time for which this effect persists is unknown. Previous studies have
shown that attentional bias to threat is sustained across two testing blocks (96 trials/block) in individuals prone to elevated attentional bias (Lonsdorf, Juth, Rohde, Schalling, & Öhman, 2014) and is
sustained across two testing blocks (48 trials/block) when accompanied by unpredictable aversive
sounds (Herry et al., 2007). Thus, attention bias behavior—and underlying amygdala activity—appear
to persist or habituate slowly. Yet, the duration of time for which this sustained response persists is
not well understood. Here, we used data from an existing study (Carlson et al., 2009), which measured attentional bias behavior and amygdala activity across 1,098 trials over a 50 min timespan, to
test the degree to which behavioral and amygdala responses were habituated or sustained over an
extended time-period. Given that amygdala activity appears to underlie attentional bias behavior, we
hypothesized that the amygdala would remain active—provided attentional bias behavior was
observed. However, the precise duration of these two effects has yet to be determined.

1. Methods
1.1. Participants
Seven male and five female, right-handed individuals, aged 18–35 participated in the study.
Individuals were screened for prescription and recreational drug use, neurological and psychological
histories, and for irremovable metal pieces prior to the study. Participants were given monetary
compensation for participating in the study. All subjects gave informed consent and were treated in
accordance to the guidelines of the Institutional Review Board of Southern Illinois University
Carbondale. Due to a technical problem, one participant’s functional magnetic resonance imaging
(fMRI) data was lost and therefore unavailable for fMRI analyses. MRI data from this sample has
been previously reported (Carlson et al., 2009, 2012; Carlson, Reinke, LaMontagne, & Habib, 2011);
however, all analyses included here are new.
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1.2. Dot-probe task
Participants performed a dot-probe task, while event-related fMRI data was acquired. Each trial
consisted of a fixation cue appearing for 1,000 ms, followed by two faces presented simultaneously
for 33 ms to the left and right of the central fixation cue, and then immediately followed by the
neutral face mask for 100 ms. A target dot appeared for 750 ms, behind either the right or left face.
A randomized jittered inter-trial interval (ITI; 500–2,000 ms) concluded each trial. Subjects responded to the location of the dot using an MRI-compatible response pad. The right index finger was used
to respond to left visual field (LVF) targets and the right middle finger was used for right visual field
(RVF) targets (see Carlson et al., 2009 for more details).
Trials consisted of directed and undirected attention trials. Directed attention trials displayed two
faces, one neutral and one fearful. Half of the directed attention trials were incongruent (target dot
appeared opposite of the fearful face), and the other half of the trials were congruent (target dot
appeared on same side as the fearful face). Faster reaction times on congruent compared to incongruent trials measure an automatic directing of attention to the fearful face. Half of the directed
attention trials (≈549) contained a LVF fearful face and the other half contained a RVF fearful face.
Undirected attention trials (≈549) showed faces of the same expression (i.e. fearful–fearful & neutral–neutral) and were considered to be independent of attentional bias because neither face demanded more attention than the other. The task was divided into 10 five-minute runs. Each run
contained 162–170 trials (depending on the randomized jittered ITIs selected in a given run), which
resulted in approximately 1,647 total trials across LVF, RVF, and undirected attention conditions.

1.3. Functional MRI data acquisition and analysis
A 1.5T Phillips whole body scanner and head coil were used to collect T2* weighted EPI scans with
the following parameters: TR = 2500 ms, TE = 50 ms, flip angle = 90°, matrix dimensions = 64 × 64,
slices = 26, slice thickness = 5.5 mm, and gap = 0. Preprocessing included: image realignment corrections for head movement, slice timing corrections, normalization to standard 2 mm × 2 mm × 2 mm
Montreal Neurological Institute space, and spatial smoothing with a Gaussian full-width-at-halfmaximum 10 mm filter.
Given that only LVF directed attention trials were shown to produce behavioral and amygdala effects in our previous analysis of this data (Carlson et al., 2009)1, we restricted our new habituation
analyses to LVF directed attention (≈549 trials), as well as fearful–fearful and neutral–neutral undirected attention (≈549 trials), trial-types (total trials used ≈1098). In SPM8, using a general linear
model, first-level parameter maps were created for each condition across the 10 runs. A full factorial
second-level model was created with trial-type (LVF, fearful–fearful, and neutral–neutral) and run
(1–10) as within subjects factors. Left and right amygdala masks were created using the Masks for
Regions of Interest Analysis software (Walter et al., 2003) and a search volume family-wise error
(FWE) corrected (p < 0.05 with a 20 voxel extent threshold) region of interest (ROI) analysis was
performed to look at common activity across all trial-types. Using this analysis of common activity,
we reduced the likelihood of biasing isolated amygdala activity to any one of three trial-types. To
test for habituation, temporal-gradients were generated for the right and left amygdala by extracting the first eigenvariate of each region for each condition and then analyzed in SPSS using a linear
trend analysis.

2. Results
2.1. Behavioral habituation analysis
A 2 (LVF2 congruency: congruent vs. incongruent) × 10 (Run: 1–10) trend analysis for repeated measures was used to test for behavioral habituation of the congruency reaction time (RT) effect (i.e.
congruent RT < incongruent RT). As can be seen in Figure 1, the interaction between congruency and
run was not significant, F(1, 9) = 0.162, p = 0.697, ηp2 = 0.018, suggesting that at a behavioral level
attentional bias to masked fearful faces was sustained over the 10 runs in this experiment.
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Figure 1. There was a
significant linear effect of run
on reaction time, such that
reaction times decreased
throughout the dot-probe task.
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were consistently faster than
incongruent trials.
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2.2. Amygdala ROI habituation analysis
As displayed in Figure 2, the task elicited bilateral amygdala activity, Left: t(10) = 9.38, PFWE < 0.05,
k = 210, −32, −2, −12; Right: t(10) = 8.81, PFWE < 0.05, k = 145, 28, 2, −16. Data were extracted from
these clusters and a 2 (Hemisphere: left vs. right) × 3 (Condition: LVF directed attention vs. fearful–
fearful vs. neutral–neutral × 10 (Run: 1–10) trend analysis for repeated measures was used to test for
left and right amygdala habituation for each of the three conditions. There was no evidence of overall amygdala habituation across runs, F(1, 9) = 0.036, p = 0.854, ηp2 = 0.004. Furthermore, the amygdala did not habituate as a function of the following potential interactions: Hemisphere × Run
F(1, 9) = 2.904, p = 0.123, ηp2 = 0.244, Condition × Run F(1, 9) = 0.173, p = 0.687, ηp2 = 0.019, or
Hemisphere × Condition × Run F(1, 9) = 0.159, p = 0.699, ηp2 = 0.017. In short, all linear contrasts
were not significant—suggesting that neither the left nor right amygdala habituated over time. In
contrast, significant Hemisphere × Run interactions were observed for eighth order (F(1, 9) = 9.22,
Figure 2. The backward masked
fearful face dot-probe task
of attentional bias elicited
bilateral amygdala activity.

Fearful-fearful
LVF directed attention
Neutral-neutral
Intepolation line

3

Right Amygdala Activity

Left Amygdala Activity

Notes: Extracted data from
the left and right amygdala
were subjected to linear
trend analysis to test for
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amygdala activity fluctuated
throughout the task, there
was no pattern of habituation.
Although fluctuating in nature,
amygdala activation remained
sustained above baseline.
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added to emphasize the nonlinear pattern of amygdala
activity across time.
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p = 0.01, ηp2 = 0.51) and ninth-order (F(1, 9) = 11.65, p = 0.008, ηp2 = 0.56) effects. Follow-up analyses
indicate that the left amygdala displays an oscillatory pattern of the ninth order (F(1, 9) = 13.19,
p = 0.005, ηp2 = 0.59), while the right amygdala displays an oscillatory pattern of the eighth order,
F(1, 9) = 5.74, p = 0.04, ηp2 = 0.39. Thus, in contrast to a negative linear trend—indicative of habituation—amygdala activity oscillates in a non-linear nature over the extended 10 run scanning session.

3. Discussion
In this pilot study, we utilized an existing data-set (Carlson et al., 2009) where attentional bias behavior and amygdala activity were measured over an extended period of time to assess the degree
to which these measures habituate during this prolonged timespan. At the behavioral level, there
was a clear capture of attention by masked fearful faces—faster responses on congruent relative to
incongruent trials—which was maintained from start-to-finish in a dot-probe task. Similarly, at the
neural level, task-related amygdala activity oscillated throughout the 1,098 trial attention task and
remained sustained relative baseline. Thus, our preliminary findings suggest that behavioral and
neural measures of attentional bias to fearful faces do not habituate, but remain sustained, for at
least 50 min (1,098 trials).
The current results add to previous literature indicating that threatening or emotionally salient
stimuli capture observers’ attention. This capture of attention by emotionally significant stimuli occurs both when the emotional stimulus is processed consciously and nonconsciously (Armony &
Dolan, 2002; Beaver, Mogg, & Bradley, 2005; Blanchette, 2006; Carlson & Mujica-Parodi, 2015; Carlson
& Reinke, 2008; Carlson et al., 2009; Cooper & Langton, 2006; Fox, 2002; Koster, Crombez, Verschuere,
& De Houwer, 2004; Mogg & Bradley, 1999, 2002; Öhman, Flykt, & Esteves, 2001; Pourtois, Grandjean,
Sander, & Vuilleumier, 2004). Several studies have previously examined habituation of attentional
bias at the behavioral level. Generally, these studies indicate sustained attentional bias behavior that
does not rapidly habituate (Herry et al., 2007; Lonsdorf et al., 2014), although not all studies have
reported this pattern (Cohen, Eckhardt, & Schagat, 1998). Our behavioral results extend this understanding and demonstrate that even after 1,098 trials attention bias behavior persists for backward
masked fearful faces in the dot-probe task. Furthermore, a relatively recent finding shows that attentional bias can be conceptualized both in terms of a stable trait-like bias as well as a dynamic
state-like bias, which alternates between momentary biases toward and away from threat (Iacoviello
et al., 2014; Naim et al., 2015). The fluctuation in dynamic state-like biases has been termed “attention bias variability,” which is essentially calculated as the standard deviation of congruent—incongruent reaction time differences throughout the dot-probe task. Our finding of sustained attentional
bias (across 10 five minutes runs) suggests that although there may be moment-to-moment variability in attentional bias, a strong bias towards threat is present and sustained for at least 50 min
(1,098 trials).
As mentioned in the introduction, the amygdala has been found to respond to a variety of threatening, or salience-related stimuli, despite whether these stimuli are processed consciously (Breiter et
al., 1996; Morris et al., 1996) and nonconsciously (Liddell et al., 2005; Morris et al., 1998; Whalen et al.,
1998; Williams et al., 2005). Early work using passive viewing of emotional facial expressions in block
designs found that—under these circumstances—the amygdala activates to salient environmental
stimuli, but this response rapidly habituates (Breiter et al., 1996; Whalen et al., 1998). Other passive
viewing studies of fear learning have reported similar effects using both block (Tabert et al., 2001) and
randomized event-related designs (Greenberg, Carlson, Cha, Hajcak, & Mujica-Parodi, 2013) leading
to the general acceptance of the idea that the amygdala habituates to signals of threat. However, our
results add to other research indicating that—for some behaviors—the amygdala remains active
over an extended period of time (Herry et al., 2007; Tabert et al., 2001). Indeed, our findings indicate
that amygdala activity was sustained over 1,098 trials in a 50 min time period during which attentional behavior was also sustained in the dot-probe task. Other reports of sustained amygdala activity
have also been accompanied by sustained behavioral engagement including attentional bias under
conditions of uncertainty (Herry et al., 2007) and emotional decision-making (Tabert et al., 2001).
Thus, it appears that in circumstances where emotional information processing aids or modulates
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cognitive processing the amygdala remains active—presumably contributing to this cognitive bias.
The available evidence suggests that this is at least true for emotion-related influences on decisionmaking and attention allocation. On the other hand, a dip in amygdala activity from run one to run
two was observed. Studies not collecting additional data/runs may mistake this temporary dip in
amygdala activity—which appears to be part of an oscillatory pattern (see Figure 2)—as habituation.
Furthermore, given that we used a randomized event-related design, which results in uncertainty
regarding the onset and nature of a given trial, it could be argued that this element of uncertainty is
driving the observed sustained amygdala activation observed in our experiment. However, previous
reports have found habituated amygdala activation in event-related designs (Greenberg et al., 2013)
and sustained activation in block designs (Tabert et al., 2001) and therefore, the event-related nature
of our design does not seem to be a sufficient factor in eliciting sustained amygdala activation.
Although the current study assessed amygdala habituation to fearful faces, the amygdala appears to
be more generally involved in processing abstract dimensions of a stimulus such as its salience, ambiguity, unpredictability, and general biological importance (Cunningham & Brosch, 2012; Pessoa,
2010; Pessoa & Adolphs, 2010). Additional research is needed to fully understand all the circumstances and stimuli for which the amygdala habituates or, on the other hand, remains active.
All studies inherently have their strengths and weaknesses. Our pilot study had a relatively small
sample size, compromising the detection of small effects. Although, this limitation was, at least
partially, overcome by using a data-set in which amygdala activity was known to be present (Carlson
et al., 2009), these preliminary findings need to be replicated using a larger sample. Another limitation of our pilot study is the sole comparison of fearful to neutral facial expressions. Future research
including different categories of emotional stimuli is needed to determine whether the effects observed here are specific to threat (fearful faces) or more generally observed for emotional or salience-related stimuli. The primary strength of our study was the extended length of time (50 min)
and number of trials (549/condition) utilized in our task, which is considerably longer than the typical
fMRI experiment (15 ± 5 min, 30–40 trials/condition)3. This strength allowed us the ability to test
amygdala habituation over an extended time-period. In sum, although not without limitation, the
current results provide preliminary evidence that attentional bias behavior and amygdala activity
are sustained during the dot-probe task when using fearful faces.
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Notes
1. Note that previous behavioral dot-probe studies using
masked threatening faces have also found only left
visual-field (LVF) effects (Fox, 2002; Mogg & Bradley, 2002),
which were interpreted by these authors as evidence of a
right-hemisphere (RH) bias for negative emotion processing
(Davidson, 1992). Thus, the current LVF/RH only effects
are in-line with this bias for negative emotion processing.
However, a majority of the dot-probe studies conducted
by our lab have produced effects across both visual fields
(Carlson et al., 2012, 2013, 2014; Carlson, Fee, & Reinke,
2009; Carlson & Mujica-Parodi, 2015; Carlson, Mujica-Parodi,
Harmon-Jones, & Hajcak, 2012; Carlson & Reinke, 2008,
2010, 2014; Carlson, Torrence, & Vander Hyde, 2016), which
weakens this claim. It is possible that the unique testing environment of the MRI scanner (i.e. lying on their back, loud
scanner noise, and a potential visibility limiting head coil)
could have contributed to the LVF only effects. For example,
previous research has shown that leaning forward biases
left hemisphere mediated approach motivated behavior,
while a reclined posture biases right hemisphere withdrawal motivated behavior (Price & Harmon-Jones, 2015).
2. Note that previous analysis of this data found that
congruent trials were faster than incongruent trials, but
only for LVF trials. Thus, across the 10 runs of the experiment masked fearful faces captured attention. Given
that RVF trials did not capture attention in this sample,
the habituation analysis was restricted to LVF trials.
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3. This experiment contained 6,039 trials per condition
(549 trials per condition per participant × 11 participants). A large number of trials per participant increases
the reliability (i.e. decreases the statistical error) of each
measure. Given this increased precision, the need for a
larger sample is reduced. Using the standard 40 trials
per condition per participant, it would take approximately 150 participants to obtain the same number of trials
per condition used in the current study. Thus, although
the number of participants used in the current study
was relatively small, the total number of amygdala data
points per condition was very large.
References
Adolphs, R. (2004). Emotional vision. Nature Neuroscience, 7,
1167–1168.
http://dx.doi.org/10.1038/nn1104-1167
Adolphs, R. (2010). What does the amygdala contribute to
social cognition? Annals of the New York Academy of
Sciences, 1191, 42–61.
doi:10.1111/j.1749-6632.2010.05445.x
Adolphs, R., Tranel, D., Damasio, H., & Damasio, A. (1994).
Impaired recognition of emotion in facial expressions
following bilateral damage to the human amygdala.
Nature, 372, 669–672. doi:10.1038/372669a0
Adolphs, R., Tranel, D., Hamann, S., Young, A. W., Calder, A. J.,
Phelps, E. A., … Damasio, A. R. (1999). Recognition of facial
emotion in nine individuals with bilateral amygdala
damage. Neuropsychologia, 37, 1111–1117.
http://dx.doi.org/10.1016/S0028-3932(99)00039-1
Amaral, D. G., & Price, J. L. (1984). Amygdalo-cortical
projections in the monkey (Macaca fascicularis). The
Journal of Comparative Neurology, 230, 465–496.
http://dx.doi.org/10.1002/(ISSN)1096-9861
Anderson, A. K., & Phelps, E. A. (2001). Lesions of the human
amygdala impair enhanced perception of emotionally
salient events. Nature, 411, 305–309.
http://dx.doi.org/10.1038/35077083
Armony, J. L., & Dolan, R. J. (2002). Modulation of spatial
attention by fear-conditioned stimuli: An event-related
fMRI study. Neuropsychologia, 40, 817–826.
http://dx.doi.org/10.1016/S0028-3932(01)00178-6
Bach, D. R., Hurlemann, R., & Dolan, R. J. (2014). Impaired
threat prioritisation after selective bilateral amygdala
lesions. Cortex, 63C, 206–213.
doi:10.1016/j.cortex.2014.08.017
Beaver, J. D., Mogg, K., & Bradley, B. P. (2005). Emotional
conditioning to masked stimuli and modulation of
visuospatial attention. Emotion, 5, 67–79.
http://dx.doi.org/10.1037/1528-3542.5.1.67
Blanchette, I. (2006). Snakes, spiders, guns, and syringes: How
specific are evolutionary constraints on the detection of
threatening stimuli? The Quarterly Journal of Experimental
Psychology, 59, 1484–1504.
http://dx.doi.org/10.1080/02724980543000204
Breiter, H. C., Etcoff, N. L., Whalen, P. J., Kennedy, W. A., Rauch,
S. L., Buckner, R. L., … Rosen, B. R. (1996). Response and
habituation of the human amygdala during visual
processing of facial expression. Neuron, 17, 875–887.
http://dx.doi.org/10.1016/S0896-6273(00)80219-6
Carlson, J. M., Beacher, F., Reinke, K. S., Habib, R., HarmonJones, E., Mujica-Parodi, L. R., & Hajcak, G. (2012).
Nonconscious attention bias to threat is correlated with
anterior cingulate cortex gray matter volume: A voxelbased morphometry result and replication. NeuroImage,
59, 1713–1718. doi:10.1016/J.Neuroimage.2011.09.040
Carlson, J. M., Cha, J., Harmon-Jones, E., Mujica-Parodi, L. R., &
Hajcak, G. (2014). Influence of the BDNF genotype on
amygdalo-prefrontal white matter microstructure is
linked to nonconscious attention bias to threat. Cerebral
Cortex, 24, 2249–2257. doi:10.1093/cercor/bht089

Carlson, J. M., Cha, J., & Mujica-Parodi, L. R. (2013). Functional
and structural amygdala—Anterior cingulate connectivity
correlates with attentional bias to masked fearful faces.
Cortex, 49, 2595–2600. doi:10.1016/j.cortex.2013.07.008
Carlson, J. M., Fee, A. L., & Reinke, K. S. (2009). Backward
masked snakes and guns modulate spatial attention.
Evolutionary Psychology, 7, 527–537.
Carlson, J. M., & Mujica-Parodi, L. R. (2015). Facilitated
attentional orienting and delayed disengagement to
conscious and nonconscious fearful faces. Journal of
Nonverbal Behavior, 39, 69–77.
doi:10.1007/s10919-014-0185-1
Carlson, J. M., Mujica-Parodi, L. R., Harmon-Jones, E., & Hajcak,
G. (2012). The orienting of spatial attention to backward
masked fearful faces is associated with variation in the
serotonin transporter gene. Emotion, 12, 203–207.
http://dx.doi.org/10.1037/a0025170
Carlson, J. M., & Reinke, K. S. (2008). Masked fearful faces
modulate the orienting of covert spatial attention.
Emotion, 8, 522–529. doi:10.1037/a0012653
Carlson, J. M., & Reinke, K. S. (2010). Spatial attention-related
modulation of the N170 by backward masked fearful
faces. Brain and Cognition, 73, 20–27.
doi:10.1016/j.bandc.2010.01.007
Carlson, J. M., & Reinke, K. S. (2014). Attending to the fear in
your eyes: Facilitated orienting and delayed
disengagement. Cognition and Emotion, 28, 1398–1406.
doi:10.1080/02699931.2014.885410
Carlson, J. M., Reinke, K. S., & Habib, R. (2009). A left amygdala
mediated network for rapid orienting to masked fearful
faces. Neuropsychologia, 47, 1386–1389.
doi:10.1016/j.neuropsychologia.2009.01.026
Carlson, J. M., Reinke, K. S., LaMontagne, P. J., & Habib, R.
(2011). Backward masked fearful faces enhance
contralateral occipital cortical activity for visual targets
within the spotlight of attention. Social Cognitive and
Affective Neuroscience, 6, 639–645.
doi:10.1093/Scan/Nsq076
Carlson, J. M., Torrence, R. D., & Vander Hyde, M. R. (2016).
Beware the eyes behind the mask: The capture and hold
of selective attention by backward masked fearful eyes.
Motivation and Emotion, 40, 498–505.
doi:10.1007/s11031-016-9542-1
Cohen, D. J., Eckhardt, C. I., & Schagat, K. D. (1998). Attention
allocation and habituation to anger-related stimuli
during a visual search task. Aggressive Behavior, 24,
399–409. http://dx.doi.org/10.1002/
(SICI)1098-2337(1998)24:6<>1.0.CO;2-4
Cooper, R. M., & Langton, S. R. (2006). Attentional bias to angry
faces using the dot-probe task? It depends when you look
for it. Behaviour Research and Therapy, 44, 1321–1329.
http://dx.doi.org/10.1016/j.brat.2005.10.004
Cunningham, W. A., & Brosch, T. (2012). Motivational salience:
Amygdala tuning from traits, needs, values, and goals.
Current Directions in Psychological Science, 21, 54–59.
http://dx.doi.org/10.1177/0963721411430832
Davidson, R. J. (1992). Anterior cerebral asymmetry and the
nature of emotion. Brain and Cognition, 20, 125–151.
http://dx.doi.org/10.1016/0278-2626(92)90065-T
Feinstein, J. S., Adolphs, R., Damasio, A., & Tranel, D. (2011).
The human amygdala and the induction and experience
of fear. Current Biology, 21, 34–38.
doi:10.1016/J.Cub.2010.11.042
Fox, E. (2002). Processing emotional facial expressions: The
role of anxiety and awareness. Cognitive, Affective, &
Behavioral Neuroscience, 2, 52–63.
http://dx.doi.org/10.3758/CABN.2.1.52
Greenberg, T., Carlson, J. M., Cha, J., Hajcak, G., & Mujica-Parodi,
L. R. (2013). Neural reactivity tracks fear generalization
gradients. Biological Psychology, 92, 2–8.
doi:10.1016/j.biopsycho.2011.12.007

Page 7 of 9

Weber et al., Cogent Psychology (2016), 3: 1259881
http://dx.doi.org/10.1080/23311908.2016.1259881

Herry, C., Bach, D. R., Esposito, F., Di Salle, F., Perrig, W. J.,
Scheffler, K., … Seifritz, E. (2007). Processing of temporal
unpredictability in human and animal amygdala. Journal
of Neuroscience, 27, 5958–5966.
doi:10.1523/JNEUROSCI.5218-06.2007
Iacoviello, B. M., Wu, G., Abend, R., Murrough, J. W., Feder, A.,
Fruchter, E., … Charney, D. S. (2014). Attention bias
variability and symptoms of posttraumatic stress
disorder. Journal of Traumatic Stress, 27, 232–239.
doi:10.1002/jts.21899
Jiang, Y., & He, S. (2006). Cortical responses to invisible faces:
Dissociating subsystems for facial-information
processing. Current Biology, 16, 2023–2029.
doi:10.1016/J.Cub.2006.08.084
Koster, E. H., Crombez, G., Verschuere, B., & De Houwer, J.
(2004). Selective attention to threat in the dot probe
paradigm: Differentiating vigilance and difficulty to
disengage. Behaviour Research and Therapy, 42, 1183–
1192. http://dx.doi.org/10.1016/j.brat.2003.08.001
LaBar, K. S., LeDoux, J. E., Spencer, D. D., & Phelps, E. A. (1995).
Impaired fear conditioning following unilateral temporal
lobectomy in humans. Journal of Neuroscience, 15,
6846–6855.
Liddell, B. J., Brown, K. J., Kemp, A. H., Barton, M. J., Das, P.,
Peduto, A., & Williams, L. M. (2005). A direct brainstemamygdala-cortical “alarm” system for subliminal signals
of fear. NeuroImage, 24, 235–243.
http://dx.doi.org/10.1016/j.neuroimage.2004.08.016
Lonsdorf, T. B., Juth, P., Rohde, C., Schalling, M., & Öhman, A.
(2014). Attention biases and habituation of attention
biases are associated with 5-HTTLPR and
COMTval158met. Cognitive, Affective, & Behavioral
Neuroscience, 14, 354–363.
doi:10.3758/s13415-013-0200-8
Mogg, K., & Bradley, B. P. (1999). Some methodological issues
in assessing attentional biases for threatening faces in
anxiety: A replication study using a modified version of
the probe detection task. Behaviour Research and Therapy,
37, 595–604.
http://dx.doi.org/10.1016/S0005-7967(98)00158-2
Mogg, K., & Bradley, B. P. (2002). Selective orienting of attention
to masked threat faces in social anxiety. Behaviour
Research and Therapy, 40, 1403–1414.
http://dx.doi.org/10.1016/S0005-7967(02)00017-7
Monk, C. S., Telzer, E. H., Mogg, K., Bradley, B. P., Mai, X., Louro, H.
M., … Pine, D. S. (2008). Amygdala and ventrolateral
prefrontal cortex activation to masked angry faces in
children and adolescents with generalized anxiety
disorder. Archives of General Psychiatry, 65, 568–576.
doi:10.1001/archpsyc.65.5.568
Morris, J. S., DeGelder, B., Weiskrantz, L., & Dolan, R. J. (2001).
Differential extrageniculostriate and amygdala responses
to presentation of emotional faces in a cortically blind
field. Brain, 124, 1241–1252.
http://dx.doi.org/10.1093/brain/124.6.1241
Morris, J. S., Frith, C. D., Perrett, D. I., Rowland, D., Young, A. W.,
Calder, A. J., & Dolan, R. J. (1996). A differential neural
response in the human amygdala to fearful and happy
facial expressions. Nature, 383, 812–815.
http://dx.doi.org/10.1038/383812a0
Morris, J. S., Öhman, A., & Dolan, R. J. (1998). Conscious and
unconscious emotional learning in the human amygdala.
Nature, 393, 467–470.
http://dx.doi.org/10.1038/30976
Morris, J. S., Ohman, A., & Dolan, R. J. (1999). A subcortical
pathway to the right amygdala mediating “unseen” fear.

Proceedings of the National Academy of Sciences, 96,
1680–1685. http://dx.doi.org/10.1073/pnas.96.4.1680
Naim, R., Abend, R., Wald, I., Eldar, S., Levi, O., Fruchter, E., …
Bar-Haim, Y. (2015). Threat-related attention bias
variability and posttraumatic stress. American Journal of
Psychiatry, 172, 1242–1250.
doi:10.1176/appi.ajp.2015.14121579
Öhman, A., Flykt, A., & Esteves, F. (2001). Emotion drives
attention: Detecting the snake in the grass. Journal of
Experimental Psychology: General, 130, 466–478.
http://dx.doi.org/10.1037/0096-3445.130.3.466
Peck, C. J., Lau, B., & Salzman, C. D. (2013). The primate
amygdala combines information about space and value.
Nature Neuroscience, 16, 340–348. doi:10.1038/nn.3328
Pessoa, L. (2010). Emotion and cognition and the amygdala:
From “what is it?” to “what’s to be done?”
Neuropsychologia, 48, 3416–3429.
doi:10.1016/j.neuropsychologia.2010.06.038
Pessoa, L., & Adolphs, R. (2010). Emotion processing and the
amygdala: from a “low road” to “many roads” of
evaluating biological significance. Nature Reviews
Neuroscience, 11, 773–783. doi:10.1038/nrn2920
Plichta, M. M., Grimm, O., Morgen, K., Mier, D., Sauer, C.,
Haddad, L., … Meyer-Lindenberg, A. (2014). Amygdala
habituation: A reliable fMRI phenotype. NeuroImage, 103,
383–390. doi:10.1016/j.neuroimage.2014.09.059
Pourtois, G., Grandjean, D., Sander, D., & Vuilleumier, P. (2004).
Electrophysiological correlates of rapid spatial orienting
towards fearful faces. Cerebral Cortex, 14, 619–633.
http://dx.doi.org/10.1093/cercor/bhh023
Price, T. F., & Harmon-Jones, E. (2015). Embodied emotion: The
influence of manipulated facial and bodily states on
emotive responses. Wiley Interdisciplinary Reviews:
Cognitive Science, 6, 461–473. doi:10.1002/wcs.1370
Shealy, C. N., & Peele, T. L. (1957). Studies on amygdaloid
nucleus of cat. Journal of Neurophysiology, 20, 125–139.
Tabert, M. H., Borod, J. C., Tang, C. Y., Lange, G., Wei, T. C.,
Johnson, R., … Buchsbaum, M. S. (2001). Differential
amygdala activation during emotional decision and
recognition memory tasks using unpleasant words: An
fMRI study. Neuropsychologia, 39, 556–573.
http://dx.doi.org/10.1016/S0028-3932(00)00157-3
Vuilleumier, P., Richardson, M. P., Armony, J. L., Driver, J., &
Dolan, R. J. (2004). Distant influences of amygdala lesion
on visual cortical activation during emotional face
processing. Nature Neuroscience, 7, 1271–1278.
http://dx.doi.org/10.1038/nn1341
Walter, B., Blecker, C., Kirsch, P., Sammer, G., Schienle, A., &
Stark, R. (2003). MARINA: An easy to use tool for the
creation of masks for region of interest analyses. Paper
Presented at the 9th International Conference on
Functional Mapping of the Human Brain, New York, NY.
Whalen, P. J., Rauch, S. L., Etcoff, N. L., McInerney, S. C., Lee, M.
B., & Jenike, M. A. (1998). Masked presentations of
emotional facial expressions modulate amygdala activity
without explicit knowledge. The Journal of Neuroscience,
18, 411–418.
Williams, L. M., Liddell, B. J., Kemp, A. H., Bryant, R. A., Meares,
R. A., Peduto, A. S., & Gordon, E. (2005). Amygdalaprefrontal dissociation of subliminal and supraliminal
fear. Human Brain Mapping, 27, 652–661.
Williams, M. A., Morris, A. P., McGlone, F., Abbott, D. F., &
Mattingley, J. B. (2004). Amygdala responses to fearful
and happy facial expressions under conditions of
binocular suppression. Journal of Neuroscience, 24, 2898–
2904. http://dx.doi.org/10.1523/JNEUROSCI.4977-03.2004

Page 8 of 9

Weber et al., Cogent Psychology (2016), 3: 1259881
http://dx.doi.org/10.1080/23311908.2016.1259881

© 2016 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.
You are free to:
Share — copy and redistribute the material in any medium or format
Adapt — remix, transform, and build upon the material for any purpose, even commercially.
The licensor cannot revoke these freedoms as long as you follow the license terms.
Under the following terms:
Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made.
You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.
No additional restrictions
You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits.

Cogent Psychology (ISSN: 2331-1908) is published by Cogent OA, part of Taylor & Francis Group.
Publishing with Cogent OA ensures:
•

Immediate, universal access to your article on publication

•

High visibility and discoverability via the Cogent OA website as well as Taylor & Francis Online

•

Download and citation statistics for your article

•

Rapid online publication

•

Input from, and dialog with, expert editors and editorial boards

•

Retention of full copyright of your article

•

Guaranteed legacy preservation of your article

•

Discounts and waivers for authors in developing regions

Submit your manuscript to a Cogent OA journal at www.CogentOA.com

Page 9 of 9

